Broiler chickens were started and maintained on rations containing 2%, 5%, and 10% grain contaminated with Fusarium roseum. There was mortality of 75% and loo%, respectively, in chicks fed 5% and 10% levels, and osteochondrosis was present in chicks which died at 12 to 17 days of age. Chicks on 2% or 3% F. roseum-contaminated grain survived the experimental period and osteochondrosis was well-developed in the proximal tibias of 85 or 90% of these chicks. The number of chondroclasts was reduced markedly in the affected bones. Defective chondroclasis may play a role in the pathogenesis of osteochondrosis associated with F. roseum.
incidence of leg lesions in broiler chicks [16] . These were described as varus and valgus deformities, but were not characterized further. In the present study, we found that a member of this species of fungus induced osteochondrosis in broiler chicks rapidly and consistently.
Materials and Methods
F. roseum "graminearum" was isolated from barley overwintered in Alaska, and the fungus was cultured on autoclaved rice (40% moisture content) for one week at 25°C and for three additional weeks at 12°C. The rice cultures then were dried and a nutritionally balanced ration was amended to include these cultures at concentrations of 0%, 2%, 5%, and 10%. Day-old broiler chicks (Arbor Acres-Ross cross, Jack Frost, Inc., St. Cloud, MN) were started and maintained on the test diets for up to six weeks. There were two replicates of ten chicks each on each diet. Feed consumption, body weight, and mortality were recorded. Control chickens received quantities of uncontaminated feed equal to those consumed by chickens on the 2% test ration. Half of the controls were sacrificed at three weeks and the remainder at six weeks of age. A second trial of similar design was done in which F. roseum-contaminated rice was incorporated in the ration at levels of 2% and 3%. The chicks on the 2% level were terminated at six weeks, and those on 3% at four weeks.
Blood from six-week-old chicks from the first trial was collected for analysis of levels of calcium, inorganic phosphate, sodium, potassium, alkaline phosphatase, glutamic oxaloacetic transaminase, total protein, and albumin. Two pools of blood from three chicks each were collected from control chicks and chicks fed 2% F. roseum-contaminated feed.
Necropsies were done on chicks which died or were killed. Observations of gross lesions were recorded, and soft tissues and bones were f i e d in 10% neutral buffered formalin for histologic and radiologic examination. Bones were decalcified in 10% formic acid and, like soft tissues, were embedded in paraffin, sectioned at 6 pm, and stained with hematoxylin and eosin. High detail radiographs were taken of femurs, tibiotarsi, tarsometatarsi, humeri, radii and ulnas (Faxitron #43805N, Hewlett-Packard, McMinnville Division, McMinnville, OR).
Chondroclasts were counted in microscopic sections of the physeal-metaphyseal junctions of tibiotarsi from control and experimental chicks. The microscopic fields were selected to include a nonossified cartilaginous border. In order to maintain objectivity, this selection procedure was done with the section slightly out of focus so that cell morphology could not be determined. Chondroclasts were counted in ten fields at an objective power of 40X from each of eight control and nine affected tibias from six-week-old chickens fed 2% F. roseumcontaminated rice. Statistical analyses were done using Student's t-test.
Results
Mortality of chicks fed dietary levels of 5% and 10% F. roseum-contaminated rice was 75% and loo%, respectively, within one to three weeks. Weight gains and feed consumption by chicks on these diets were significantly lower than controls. The kidneys of 80% of the chicks in these groups were pale and enlarged, and white accumulations of urates frequently were present in the ureters. Diffuse tubular nephrosis, occasionally with urate deposits in tubular lumens, was diagnosed on microscopic examination. Small (1-3 mm), irregular, raised, yellow-white plaques were present on the oral and lingual mucosa of six of the chicks that died. These were characterized by necrosis, hyperkeratosis, and inflammation. Of particular interest was the presence of a wide cartilaginous band extending distally from the proximal physis of the tibiotarsi of chicks receiving the high dietary levels of F. roseum. This lesion was seen first in chicks which died at eight to eleven days of age. A very wide zone of physeal cartilage was responsible for the lesion. A similar lesion was present in chicks which died from 12 to 17 days of age, and in these chicks a definitive diagnosis of osteochondrosis (tibial dyschondroplasia) was made ( fig. 1 ).
All chicks fed 2% or 3% F. roseum-contaminated rice survived the experimental periods. Lesions in these chicks were present only in the bones. Bilateral osteochondrosis in the proximal tibiotarsi was well-developed in 75% and 90%, respectively, of the chicks. Similar, though less severe, lesions were present in the tarsometatarsi of some chicks. The gross lesions were identical to those described by others [4, 5, 9, 10, 17, 191 . A conical mass of cartilage projected from the physis into the metaphysis of the proximal tibiotarsi. The cartilage spanned the width of the medial aspect of bone at the level of the physis. The cortices of the posterior aspect of the metaphysis of some tibiotarsi were thin and bulged outward to accommodate the large cartilaginous mass.
Radiographs of postmortem specimens of the legs and wings of chicks fed 5%, and 2% F. roseum-contaminated rice were made at three and six weeks of age, respectively. At three weeks, the proximal tibial lesions were characterized by a curved area of hypomineralization including and extending distally from the physis approximately 0.2 to 0.7 mm. The lesions were marginated distally by an area of increased mineralization. Similar though less extensive lesions were present in the proximal tarsometatarsus, proximal humerus, proximal radius and ulna, and distal ulna of some chicks. These defects were not seen in control chicks. At six weeks of age, the demineralized areas again were very prominent and marginated distally by dense bone and transverse lines of mineral. The secondary ossification center of the proximal tibia was not involved and appeared similar to the control chicks. The proximal portions of the tibiotarsi were broader than in the normal chicks and there was slight posterior bowing of the diaphysis (fig. 2) .
Microscopic examination of proximal tibias from experimental chicks confirmed the diagnosis of osteochondrosis. The characteristics of F. roseurn-induced osteochondrosis were similar to those described for spontaneous or chloride-induced cases of the disease [4, 5, 9, 10, 17, 191 . The large plug of cartilage was virtually avascular, and clefts and fibrous strands, as described [9], were common. The cartilage was composed of relatively more matrix and smaller lacunae than normal hypertrophic cartilage. The lacunae were ovoid and somewhat flattened in a plane perpendicular to the long axis of the bone. Lacunae were vacant frequently. When cells were present, they were degenerate, the cytoplasm was not discernible, and the nuclei were intensely eosinophilic. Vascular channels at the distal end of the abnormal cartilage were blunted, fused, and tortuous. (table I) . With the exception of total protein, values of treated chicks did not differ from controls.
Discussion
The pathogenesis of avian osteochondrosis has been the subject of some controversy. Others have concluded that the abnormality resulted from an inherited metabolic defect related to chloride and acid-base metabolism [5] . They demonstrated that the expression of such a defect could be influenced by manipulation of components of the ration, but they did not speculate how it would induce osteochondrosis. Another viewpoint is that the metaphyseal vessels were inadequate to penetrate the physeal cartilage and promote ossification [ 1 1, 201. The vessels were blunt and thick at their junction with the cartilaginous mass, and experimental ablation of metaphyseal vascular invasion of the physis induced a lesion identical to osteochondrosis [ 121. A third hypothesis stated that the fundamental abnormality was in the cartilage itself, so it was incapable of being invaded by metaphyseal vessels [S-lo] . This hypothesis stated that proliferation and differentiation of cartilage cells to the transitional state was normal, but that their differentiation was arrested at that point.
Defective mineralization due to deficiencies or imbalances of calcium, phosphate, or vitamin D is not a feature of osteochondrosis. The levels of calcium, phosphate, and alkaline phosphatase in the serum of affected chicks were similar to those of controls in this and a previous study [4] .
The paucity of chondroclasts in our chickens suggests that defective lysis and resorption of hypertrophic cartilage may contribute to the development of osteochondrosis. Hypertrophic cartilage at the metaphyseal border of the avian growth plate normally is degraded by chondroclasts. These are large multinucleate cells which are prominent in birds. Dissolution of the cartilage is a prerequisite for vascular penetration and ossification. Chondroclastic resorption (chondroclasis) leads the way for invasion of the cartilage by vascular channels and subsequent ossification. Failure of chondroclasis would account for the large mass of cartilage seen in osteochondrosis associated with F. roseurn-contaminated grain. We believe that the pathogenesis of osteochondrosis is complex, that the hypothesized mechanisms are not mutually exclusive, and that the F. roseurn model will be valuable for investigating this condition.
